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� Previous work on the Pacific equatorial momentum balance

has implied near-linearity.
 

� New observations of near-but-off-equatorial zonal current

spanning the basin do not agree with linear Sverdrup

calculations.
 

� A feature only resolved in satellite wind stresses partially

reconciles discrepancies between observed and Sverdrup

currents.
 

� A tropical OGCM (Gent and Cane) shows the importance of

non-linear terms (vorticity advection and friction) in

explaining the differences between observed and Sverdrup

currents.



Previous depictions of the Sverdrup circulation have
shown only a weak circulation near the Pacific equator:

        (JPO)

Why is the Sverdrup circulation so weak?
Possible reasons:
1. It really is that way. 
2. The wind is wrong.
3. Sverdrup dynamics are too simple for this situation.
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CTD / ADCP data distribution (Johnson et al. 2002)

Top: Ship tracks for the 172 meridional sections used in this study.
Bottom: Equator-crossing times of these sections. 1991-2001 shown by “+”;
          1985-1990 shown by “o”, with 10 years added for compactness.  













Figure 1. Three-month averages (21 July–20 October 1999) spatially smoothed to remove
variability with wavelengths shorter than 2◦ of longitude by 2◦ of latitude: (a) TMI
measurements of sea surface temperature; and (b) QuikSCAT measurements of surface
wind stress. The locations of TAO buoys are shown as squares in (a). The solid squares
correspond to the buoys used in section 2 to validate the satellite measurements of SST
and winds. The white regions in the maps represent missing data owing to island and
continental land contamination in the microwave footprints. The tongue of low wind
stress northwest of the Galapagos indicates the presence of a wind shadow that extends
almost 200 km in the lee of the islands.





Gent and Cane (1989) OGCM

� Sigma-coordinate OGCM. 

Ô Sigma here has nothing to do with density!

� The entire model is the (stratified) upper layer of a

reduced gravity ocean; the mean depth of the model is

about 400m.

Within this upper layer, there is an explicit (Niiler-

Kraus) mixed layer and 9 sigma layers.

� The domain is the tropical Pacific from 30æS-30æN, with

realistic east-west boundaries. The northern and

southern boundaries are solid walls with relaxation to

Levitus poleward of 20æ to suppress coastal Kelvin

waves.

Horizontal resolution: �y
40km, �x
100km.
      

� The model is forced with an average annual cycle of

1991-2001 ERS winds (and ISCCP clouds) for 10 years.

All results shown are an average over model year 10.

The model has reached near-equilibrium at this time 

(as shown by 40 year runs).







Diagnosing the role of the nonlinear terms

The vertically-integrated, time-mean momentum equations can be written:

(1a)

(1b)

where upper case symbols indicate vertically-integrated quantities,
A = (A , A ) = ∫∇"uu dz are the advective terms and F = (F , F ) are the         

x y x y  

(combined) friction terms.  Time means are taken after forming products
such as A.  The vertically-integrated mean continuity equation is:

(2)

One way to diagnose the role of the advective and friction terms is to
rearrange (1) so the advective and friction terms appear as analogs to
forcing terms; that is, to define a generalized stress )

*

      ,  where  and .

Equations (1) then are rewritten

             , (3)

which have the same form as the linearized (Sverdrup) set.  Taking the
curl of (3) leads to a Sverdrup-like balance, with ) replaced by ) , in*

which the effects of the advective and friction terms are evaluated
through their modification of the vorticity:

, (4,5)

• (3) is just a rearrangement of (1).
• (4) and (5) will be used to show that the importance of the advective

and friction terms comes through their derivatives, which have quite
different spatial patterns than the terms themselves.









Conclusion

 

1. Linear Sverdrup calculations using either ship or reanalysis

wind stresses indicate very weak currents in the equatorial

Pacific compared with directly observed zonal currents.

 

2. Only satellite scatterometer wind stresses resolve a strip of

positive curl north of the equator (due to air-sea

interaction) that contributes significantly to the Sverdrup

transports. It is essential to use a realistic wind product.

 

3. Diagnosis of nonlinear terms using an OGCM shows that:

 

� Although the model momentum balance is nearly linear,

its currents are not Sverdrupian.  ß Vorticity balance.

� Eastward advection of vorticity in the EUC doubles the

strength of the zonal currents (both eastward and

westward) in the central Pacific.

� Friction damps the currents in the west, producing their

central Pacific maximum.

 

4. TIW act through advection to damp the eastward equatorial

flow. Although total advection strengthens the flow, the

high-frequency part reduces the effect by about half.

This suggests that: 

a. The annual cycle of TIW damps the EUC during Jul-Feb.

b. The absence of TIW during El Ni�o implies stronger

eastward transport. Does this contribute to east Pacific

warming?

All figures at: http://www.pmel.noaa.gov/~kessler   ß  Latest Talk



Extra slides .....







Figure 4. Three-day average maps over the period 2–4 September 1999: (a) sea surface
temperature with TAO mooring locations shown as squares; (b) wind stress magnitude;
(c) wind stress; (d) wind stress divergence; and (e) wind stress curl. The contours overlaid
on panels (b)–(e) correspond to isotherms at intervals of 1◦C between 21◦C and 27◦C. The
SST and wind stress fields were smoothed to remove variability with wavelengths shorter
than 2◦ of longitude by 2◦ of latitude. To suppress the amplification of sampling errors, the
derivative fields (divergence and curl) were further smoothed zonally to remove variability
with wavelengths shorter than 4◦ of longitude.



The boundary condition U (y) in the integral for the SverdrupEB

zonal transport is often assumed to be zero, which is only true for
a meridionally-oriented eastern boundary. When Curl()) is non-zero
at a tilted boundary, the Sverdrup relation implies flow normal to
the boundary unless there was a corresponding zonal transport UEB

to make the total boundary flow exactly alongshore. This required
value of U along the coast is the eastern boundary condition for the
zonal integral. 

This B.C. can be found using the Sverdrup streamfunction

where x (y) is the longitude of the boundary at each latitude. Thee

boundary condition for (A1) is 1 = constant, no matter what the
boundary slope, since the no-normal flow condition precludes any
1 contours from intersecting the coast. The meridional derivative
of (A1) gives the complete expression for U (using Liebniz’ Rule):

where the first term on the right hand side is the contribution to U
from interior wind forcing, and the second term is the value of U
on the boundary (U ). d[x (y)]/dy in that term is the boundaryEB e

slope, which is zero for a meridional coast and positive clockwise.



Flux-form advective terms in Gent/Cane model
________________________________________

Flux form obtained by:
 

h (momentum equations) +  (continuity equation).
 

 

The combined advection terms are thus:
 

 

Writing these terms out:

                  ¤§§§§§§§§¦§§§§§§§§¥     ¤§§§§§§§§§§§§§§§§§§§§§§¦§§§§§§§§§§§§§§§§§§§§§§§§¥        

              h (simple adv terms)        (continuity terms)




